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Background: Without appropriate culture systems for hepatitis E virus (HEV), sufficient 
natural viral proteins are difficult to generate for use in serological tests. Therefore, it is im- 
portant to produce large amounts of HEV recombinant proteins in an economical way. The 
present study developed ELISAs using 2 truncated forms of the HEV open reading frame 
(ORF) 2 protein in order to detect anti-HEV IgG in serum samples. 

Methods: Two truncated forms of the 0RF2 protein were expressed in Escherichia coli 
and were purified by Ni 2+ -chelate-affinity chromatography (Qiagen, Germany). Two ELISAs 
were developed using these proteins and were compared with DIA.PRO HEV IgG ELISA 
kit (DIA.PRO. Italy) in 220 serum samples. 

Results: High yields of the target proteins were obtained through codon optimization. The 
concentration and purity of the proteins were improved with Amicon filters (EMD Millipore, 
USA). Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and West- 
ern blotting analysis of the resultant proteins showed a protein band of approximately 60 
kDa corresponding to ORF2.1 (amino acids 112-660) and a protein band of approxi- 
mately 55 kDa corresponding to ORF2.2 (amino acids 112-607). Positive agreement, 
negative agreement, and concordance of the 2 in-house ELISAs compared with DIA.PRO 
HEV IgG ELISA kit were 87%, 99.5%, and 98.1%, respectively (kappa=0.899, P=0.625). 

Conclusions: The newly developed ELISAs are useful for detecting anti-HEV IgG in serum 
samples and are highly concordant with DIA.PRO HEV IgG ELISA kit. 
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INTRODUCTION 

Hepatitis E virus (HEV) causes acute, self-limited hepatitis [1, 2] 
and is endemic in many developing countries, especially in 
South and Southwest Asia, North Africa, and the Middle East 
[3]. HEV belongs to the Hepeviridae family [4]. Its genome con- 
sists of a positive single-stranded RNA containing 3 overlapping 
open reading frames (ORFs), ORF1, ORF2, and ORF3 [5, 6]. 
According to the phylogenetic analysis, HEV has 5 genotypes 
with different geographical distributions and hosts [7]. Humans 



are most often infected with genotypes 1 and 2, while pigs and 
other animals are most often infected with genotypes 3 and 4 
[8]. Genotype 5 has been identified in avian species and is non- 
infectious for humans [4]. Genotype 1 predominates in Asia 
and North Africa [9]. HEV is transmitted via the fecal-oral route, 
usually from drinking water [1]. According to the epidemiologi- 
cal data, one-third of the world's population is infected with HEV 
[2]. The mortality rate has been estimated to be 1-15% in the 
general population [7]. The acute infection is self-limited in 
healthy individuals and does not become chronic; however, HEV 
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may cause serious consequences in pregnant women and pa- 
tients with chronic liver disease [2, 7]. The infection is life- 
threatening during pregnancy, causing fatal and fulminant hep- 
atitis with a high rate of miscarriage and premature birth [7]. 
Epidemiological studies have reported a mortality rate of up to 
30% in pregnant women [7]. 

Consequently, HEV is a serious public-health threat, and rapid 
diagnosis is essential. HEV viremia is limited to the acute phase 
of the infection; therefore, diagnosis depends on serological as- 
says [10]. Unfortunately, sufficient amounts of natural viral pro- 
teins are not available for serological diagnosis, because there 
are no appropriate culture systems for HEV. Therefore, produc- 
tion of recombinant proteins is required to overcome this prob- 
lem. Such proteins can then be used for specific antibody de- 
tection [10, 11]. 

Among the HEV genes, ORF1 encodes non-structural pro- 
teins, which are not targeted by antibodies [12]. Antibodies 
formed against the protein encoded by 0RF3 are transient, 
making ORF3 an unsuitable antigen for serological diagnosis of 
HEV [13]. 0RF2 encodes a capsid protein of 72kDa (660 amino 
acids). It is suitable for serological diagnosis of HEV and is a 
candidate for a vaccine against HEV infection, because it is im- 
mune-dominant and highly conserved among HEV species, and 
induces long-lived immunity [9, 13, 14]. When expressed, the 
full-length capsid protein (72 kDa) is not a suitable diagnostic 
target, because the important epitopes are relatively hydropho- 
bic, insoluble, and therefore masked. However, truncated forms 
of the capsid protein are considered diagnostic antigens. Among 
several truncated forms of the full-length ORF2 protein, the 56- 
kDa form is more stable and is highly active in the detection of 
HEV antibodies [15, 16]. 

Since HEV grows poorly in cell culture, the 0RF2 gene or 
fragments thereof have been cloned and expressed in different 
expression systems, such as prokaryotes, insect cells, animal 
cells, and transgenic plants [6]. Recently, different recombinant 
antigens have been used in the design of assays for diagnosing 
HEV; these assays have optimized the sensitivity and specificity 
of the antigens in order to provide the best diagnostic test. In 
addition to antigen sensitivity and specificity, economical large- 
scale production of the target proteins is an important goal [11]. 
Satisfactory expression of ORF2 proteins can be achieved in 
bacterial and animal cells, but proteins produced in animal cells 
are not cost effective. Therefore, an economical method of high- 
yield production of ORF2 proteins is expression in a prokaryotic 
expression vector system in E. coll cells [6]. 

In the present study, we described the simple and low-cost 



development of 2 ELISAs using 2 truncated forms of the HEV 
ORF2 proteins. We then evaluated the ability of these ELISAs to 
detect anti-HEV IgG in serum samples and compared our re- 
sults to those obtained with DIA.PRO HEV IgG ELISA kit (DIA. 
PRO, Milan, Italy). 

METHODS 

1. Gene optimization and synthesis 

The nucleotide sequence of the truncated 0RF2 gene (ORF2.1, 
encoding amino acids 112-660) of HEV genotype 1, isolate sar- 
55 (Gen-Bank accession number AF444002.1) was analyzed 
using GenScript Rare Codon Analysis Tool (GenScript USA Inc., 
Piscataway, NJ, USA). The sequence data was submitted to 
GenScript, and the optimal gene was designed using GenScript's 
OptimumGene Gene Design tool (GenScript USA Inc.) for ex- 
pression in E. coll. To subclone it into the pET30a (+) vector, 2 
restriction-enzyme digestion sites, Ndel and Xhol, were placed 
in the codon-optimized gene. The pET system is one of the best 
tools for the cloning and expression of recombinant proteins in £ 
coli BL21 cells, and was, therefore, used for subcloning [17]. 
Another truncated form of the 0RF2 gene was constructed 
(ORF2.2, encoding amino acids 112-608) from the previously 
truncated form by using 2 digestion sites for Nhel; the first was 
at amino acid 608, and the second was added after the stop co- 
don. After the second Nhel digestion site, an 8-His tag and 2 
stop codons were added. To confirm our design, in silico diges- 
tion was performed using Clone Manager Basic software version 
9 (Sci-Ed Software, Cary, NC, USA), and the translated protein 
sequences were aligned using sar55 strain by MEGA software 
version 4.0 (Biodesign Institute, Tempe, AZ, USA) [18]. The op- 
timized coding sequence was then synthesized and cloned into 
the commercial cloning vector, pBluescript II SK (+) by Biomatik 
Company (Biomatik Corporation, Cambridge, Canada). 

2. Subcloning and construction of the expression plasmid 

The pBluescript II SK (+) vector carrying the optimized 0RF2.1 
gene (pBluescript II SK-ORF2.1) was digested by Ndel and 
Xhol restriction enzymes (New England BioLab, Ipswich, MA, 
USA). The expression vector pET-30a (+) (Novagen, Madison, 
Wl, USA) was also digested by the same enzymes in order to 
subclone the optimized gene. After thermal inactivation of Ndel 
and Xhol and analysis by agarose gel electrophoresis, the linear- 
ized plasmid and the 0RF2.1 gene were extracted from the 
agarose gel by using an Agarose Gel DNA Extraction Kit (Roche, 
Mannheim, Germany) and used for ligation by T4 DNA ligase 
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(New England BioLab). After ligation, the first recombinant plas- 
mid pET30a-ORF2.1 was generated and transformed into E. 
coli DH5a competent cells by electroporation as described pre- 
viously [19]. Transformed E. coli cells were selected on Luria- 
Bertani (LB) medium (HiMedia, Mumbai, India) agar plates 
containing kanamycin (50 mg/L). Several colonies were assayed 
by colony PCR using universal primers for the T7 promoter and 
T7 terminator. After selecting recombinant clones, the plasmid 
DNA was extracted from cells cultured overnight by using the 
High Pure Plasmid Isolation Kit (Roche). The second recombi- 
nant plasmid, pET30a-ORF2.2, was obtained by deleting a 
193-nucleotide fragment from the first recombinant plasmid by 
digestion with Nhel. The fragment was then ligated using T4 
DNA ligase. Finally, the plasmid DNA was extracted and con- 
firmed by PCR, restriction-enzyme digestion, and DNA se- 
quencing. In order to enhance protein expression, the recombi- 
nant plasmids were each transformed into competent E. coli 
BL21 (DE3) cells separately. 

3. Expression and purification of recombinant proteins 

E. coli BL21 (DE3) cells containing the first recombinant plasmid 
pET30a-truncated ORF2.1 were cultured overnight, inoculated in 
Terrific Broth (HiMedia) supplemented with kanamycin (50 mg/L) 
in a 1:100 volumetric ratio, and grown with shaking at 250 rpm 
at 37°C until the optical density at 600 nm (ODeoo) reached 0.5. 
Protein expression was induced by adding various concentra- 
tions (0.1-1 mM) of isopropyl-p-D-thiogalactopyranoside (IPTG) 
to the bacterial culture, and the cells were incubated with shak- 
ing for different induction times (2, 4, 6, 8, and 16 hr) at different 
induction temperatures (37°C, 30°C, and 25°C) to optimize the 
protein expression. 

The optimal conditions were determined and large-scale pro- 
tein expression studies were carried out. Purification by Ni 2+ - 
chelate-affinity chromatography (Qiagen, Hilden, Germany) un- 
der denaturing conditions was carried out according to the 
manufacturer's protocol. The induced cells from a 200 mL cul- 
ture were harvested by centrifugation at 4,000 rpm at 4°C for 
20 min. The cell pellet was suspended in 10 mL of phosphate- 
buffered saline (PBS) and then lysed by 3 cycles of freeze- 
thawing in liquid nitrogen and cold water (4°C) and sonication 3 
times in 10 sec burst. The lysate was centrifuged at 15,000 rpm 
at 4°C for 30 min. To solubilize the inclusion body proteins, the 
pellet was resuspended in lysis buffer (6 M guanidine HCI, 20 
mM NaH 2 P0 4 , 500 mM NaCI, pH 8.0) and stirred for 30 min at 
room temperature. The suspension was cleared by centrifuga- 
tion at 15,000 rpm for 30 min at 4°C. One milliliter of Ni-NTA 



agarose (Qiagen) was equilibrated with the lysis buffer and 
added to the clear supernatant. The agarose-sample suspen- 
sion was gently shaken at room temperature for 30 min to allow 
the protein to bind to the agarose, and then centrifuged at 1,000 
rpm for 2 min. The supernatant was removed, and the agarose 
was sequentially washed 3 times with 10 volumes of binding 
buffer (8 M urea, 20 mM NaH 2 P0 4 , 500 mM NaCI, pH 8.0). 
The agarose was then transferred to a column and sequentially 
washed twice with 3 volumes of wash buffer (binding buffer with 
a linear pH gradient of 8.0, 6.5, and 6.0). The protein bound to 
Ni-NTA agarose was eluted with 4 volumes of elution buffer 
(binding buffer with a linear pH gradient of 5.0, 4.5, and 4.0). 
The eluate was refolded by dialysis in 500 mL of PBS contain- 
ing 10% glycerol at 4°C for 4 hr and concentrated using Amicon 
Ultra-4 Centrifugal Filter Unit with a molecular weight of 30 kDa 
(EMD Millipore, Billerica, MA, USA). 

The presence of the target protein was confirmed by sodium 
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) 
and western blot. SDS-PAGE was performed according to the 
procedure described previously [20]. For western blotting, pro- 
tein extracts separated by SDS-PAGE were transferred to a 
0.45-|jm pore (polyvinylidene difluoride (PVDF) membrane 
(Roche) by using a Semi-Dry Transfer Cell (Bio-Rad, Hercules, 
CA, USA). The expression of the truncated ORF2 protein was 
detected by immunodetection with anti-His6-peroxidase 
(Roche) using the manufacturer's protocol. Finally, the target 
protein was visualized with 3,3'-diaminobenzidine (DAB) as a 
substrate [21]. Concentration of the target protein was deter- 
mined by the Bradford method [22]. The second truncated 
form of the ORF2 protein (ORF2.2) was expressed and purified 
using the same procedure. 

4. ELISA 

The diagnostic utility of the 2 purified truncated ORF2 proteins 
was evaluated by developing 2 ELISAs for the detection of HEV 
IgG antibody. Checker Board Titration and calculation of P/N 
value (absorbance value of the test sample/absorbance value of 
the negative control) were used to determine the optimal dilution 
of the antigen, serum, and conjugate. Briefly, ELISA plates 
(MAXISOR; Nunc, Roskilde, Denmark) were coated with 50 \AJ 
well of serial dilutions of the 2 purified proteins separately (0.3- 
10 |jg) in 50 mM carbonate/bicarbonate buffer (pH 9.6), incu- 
bated overnight at 4°C, and incubated at 37°C for 1 hr. Two un- 
coated wells were used as blanks. The plates were washed 3 
times with PBS containing 0.05% Tween-20 (PBST, pH 7.4) 
and tapped dry; then, the plates were blocked with 200 |jl_/well 



1 20 www.annlabmed.org 



http://dx. doi. org/1 0.3343/alm .201 4.34.2.1 1 8 



Taherkhani R, et al. 

ELISAs using 2 truncated forms of HEV ORF2 protein 



ANNALS OF 

LABORATORY 

MEDICINE 



of 2% casein hydrolysate and 1% bovine serum albumin (BSA) 
in PBS at 37°C for 1 hr. The well contents were emptied com- 
pletely and the wash step was repeated as described above, and 
the wells were tapped dry. At a concentration of 100 |jl_/well, 
each serum sample was diluted in sample diluent (1% BSA in 
10 mM sodium citrate buffer, pH 6.0, 0.5% Tween 20, 0.09% 
sodium azide), added to the wells in duplicate, and incubated at 
37°C for 1 hr. The plate was washed as described above, and 
100 |jL of an horseradish peroxidase (HRP)-conjugated goat 
anti-human IgG secondary antibody (Abeam company, Cam- 
bridge, MA, USA) diluted 1:15,000 in diluent buffer (1% BSA in 
150 mM NaCI and 10 mM Tris buffer, pH 8.0, 0.05% Tween 
20) was added to each well and incubated at 37°C for 1 hr. Af- 
ter incubation, the plates were washed as described above. The 
substrate solution (100 pL/well, H2O2 and 10 mg of tetramethyl- 
benzidine [TMB] in 1 mL of dimethylsulfoxide [DMSO] and 100 
ml_ of citrate buffer, pH 6.0) was added, and the plates were in- 
cubated in a dark place at room temperature for 20 min. Finally, 
100 |jl_/well of 1 M H2SO4 was added to stop the reaction. 

The absorbance of the wells was read at 450 nm by an ELISA 
reader (Tecan Sunrise ELISA Reader; Tecan Trading AG, Man- 
nedorf, Switzerland). The results were analyzed, and the cut-off 
value was determined as the mean absorbance value of 42 neg- 
ative serum samples plus 2 standard deviations. All 42 negative 
serum samples were tested by a commercially available kit 
(Genlabs Diagnostics Inc., Irvine, CA, USA) for HEV IgG antibod- 
ies All 42 negative serum samples were negative for HEV IgG 
antibody by DIA.PRO HEV IgG ELISA kit. The 42 verified-nega- 
tive serum samples were tested in duplicate in 3 separate 
coated plates for each in-house ELISA. On the basis of the ob- 
tained results, a cut-off value was determined for each in-house 
ELISA. The difference in cut-off values between the 3 plates was 
less than 0.02; therefore, the mean cut-off value of the 3 plates 
was used. After calculating the cut-off value, a pooled negative 
serum was prepared from the 42 negative serum samples, 
which was used as a negative control in the evaluation of 220 
serum samples by the 2 in-house ELISA using 4 replicates each. 
These 220 serum samples were randomly selected from sam- 
ples collected in the laboratory of Imam Khomeini Hospital in 
Ahvaz city. Ethical consent as written form was obtained from all 
participants. 

The 42 negative serum samples as well as 26 weakly positive 
and 32 highly positive serum samples were tested to determine 
reproducibility (intra-assay and inter-assay precisions), sensitiv- 
ity, and specificity. To determine within-run or intra-assay preci- 
sion, each sample was tested in 24 replicates in a single day, 



and the coefficient of variation for each sample was determined. 
To determine between-run or inter-assay precision, each sample 
was tested in 8 replicates on 3 sequential days, and the coeffi- 
cient of variation for each sample was determined. All serum 
samples were obtained from the virology reference lab of 
Jundishapour University. Regarding inter-assay precision, the 
mean coefficients of variation for the highly positive serum sam- 
ples, weakly positive serum samples, and negative serum sam- 
ples were 5.13%, 6.77%, and 6.18%, respectively. Regarding 
intra-assay precision, the mean coefficients of variation for the 
pooled positive serum samples and the pooled negative serum 
samples were 8.05% and 11.5%, respectively. Thus, there was 
acceptable reproducibility. 

The 220 serum samples were tested for anti-HEV IgG anti- 
bodies by using the 2 in-house ELISAs and DIA.PRO HEV IgG 
ELISA kit. Briefly, the following steps were carried out for the 2 
in-house ELISAs. All 220 serum samples and the negative and 
positive controls were diluted 1:21 in sample diluents, and 100 
pL of each diluted sample was added in duplicate to coated 
wells of the ELISA plates. The ELISA plates were incubated at 
37°C for 60 min, washed 5 times with PBST, pH 7.4. One hun- 
dred microliters of diluted HRP-conjugated goat anti-human IgG 
secondary antibody was added to each well, and the plates 
were incubated at 37°C for 60 min. The wash step was carried 
out as described above. One hundred microliters of chromogen- 
substrate mixture was added to each well, and the ELISA plates 
were incubated at room temperature in a dark place for 20 min. 
Finally, 100 |jL of 1 M sulfuric acid was added to each well to 
stop the enzymatic reaction. The absorbance of the wells was 
read at 450 nm by the ELISA reader. The results of the tests 
were analyzed by comparison with the cut-off value. DIA.PRO 
HEV IgG ELISA kit for the detection of anti-HEV IgG antibodies 
was used according to the manufacturer's instructions. 

RESULTS 

1. Optimization of expression of the truncated 0RF2 gene 

The truncated 0RF2 gene was optimized for expression in £ 
coll by using GenScript software (GenScript USA Inc.) without 
changing the amino acid sequence by analyzing the codon ad- 
aptation index (CAI) before and after optimization. The level of 
protein expression is correlated with the CAI value, where a CAI 
>0.8 is ideal for expression in the target host. In our study, a 
CAI value of 0.85 was determined for the optimized gene. The 
sequences of the native 0RF2 gene and the optimized gene are 
shown in Fig. 1. 



http://dx.doi.Org/1 0.3343/alm .201 4.34.2. 11 8 



www.annlabmed.org 1 21 



LABORATORY Taherkhani R, et al. 

MEDICINE ELISAs using 2 truncated forms of HEV ORF2 protein 



O AT* ACC «TC «€T CCA ACC CAT AAC ACC CCC CCA CTC CCT «AT CTT AAC TCC CAC ««C «CC ATC CTA C«C CCC CAO TAT AAC CTAM 
O AT* «CA AM ACT CCA «CT CAC AAC ACT CCC CC« CTC CCC AAC ATT AAC TCC CAT CCC «CT ATC CTC CCC CAT CAC TAC AAC CTA U 
ATA »CM ATN ACT CCA ACW CAW AAC ACM CCA CCW ATA CCW CAN ATT AAC TCC CAW AAC ACW ATC CTA CAC CAW CAA TAW AAC CTW 



mum I 111 II II 111 I I I Villi 1111 



0 TC* AC * TCT CCC CTC ACC TCT TCC ATA ACC ACC AAC AC* AAT TTA ATT CTT TAC ACC ACT CCT CM AAC CCA CM CTA CCC CTC I 
O TCC ACT TCT CCA CTA ACC TCT TCT ATT ACA ACC AAC ACT AAC CTA ATT CTC TAC ACA ACA CCA CTC TCC CCA CTA CTA CCA CTA t 
TCN ACN TCT CCN ON ACC TCT TCN ATM OCN ACC CCC ACN AAN NTO CTT CTN TAC CCN CCN CCN CTM NNC CCC CTN CTN CCN CTN 



11111 



X 



□ CAA AAC AAC ACC AAT ACT CAT ATA ATA ACT ACA AAA ACT TCT AAT TAT CCC CAC TAC CAC ATT ACT CAT ACC ACA ATT CAC TAC . 
O CAA AAT AAT ACT AAC ACC CAC ATC ATC CCT ACT AAC ACA ACC AAC TAC ACA CAA TAC CAC ATT ACT CAC CCA ACC ATC CAT TAC 
CAA A AW AAW ACW AAM ACW CAW ATW ATA ACT ACW A AW ACW WWW A AW TAW ACW CAA TAC CAW ATT ACT CAW ACW ACW ATW CAW TAC 



□ CAC CCA CTA ATC CCC AAC ACT ATT AAT AAC TAC ACT ATC TCC ATT TCC TTC TAA CCA CAA ACC ACC ACC ACC CCA ACA TCC ATT )H 

□ CAT CCA CTA ATT CCA AAC ACA ATT AAC AAT TAC CCT ATC ACC ATT TCT TTT TAA CCA CAA ACC ACT ACC ACC CCA ACT AAC ATT l» 
CAW CCA CTA ATW CCW AAC ACW ATT AAW AAW TAC ACT ATC WWC ATT TCW TTW TAA CCW CAA ACC ACW ACC ACC CCA ACW WWC ATT 



11111 



id 



1 I I 



ML 



□ AAC ATC AAT T C a ATA ACC TCA ACA AAT ATC CCT ATT TTA ATC CAA CCC AAC ATA ACC TCC AAA 
0 AAC ATA AAC TCT ATC ACT ACC ACC AAC ATC CAT ATC CTC ATC CAA CCA AAT ATC ACC ACC AAA 
AAC ATA AAW TCW ATW ACW WWW ACW AAW ATW CAT ATW WTW ATW CAA CCW AAW ATW ACW WWC AAW 



JUJkj 



111 



□ CTA CAC TAT CAC AAC CAA AAT TAA CAC TCT ATT AAA ACC TCC AAA ATA ACA AAC AAC I 
O CTA CAC TAC CAT AAC CAA AAT TAA CAT AAC ATA AAA ACC TCT AAC ATA ACT AAA AAA < 
CTW CAC TAW CAW AAC CAW AAT TCC CCW WWW CTN CAW ACC TCW CCW CTC CCW CAN CAN I 



ACC ACC TCT AAT CTT 
ACA ACT TCT AAT CTA 
I CCW ACN TCT CCT CTW 



11111 I 



O TAC ATA CAT AAC TCA CCT ATA AAT TCT TAT ACT | 
□ TAC ATC CAC AAT TCT CCA ATT AAC TCT TAC ACC I 
TAC ATW CAW AAW TCW CCW ATW AAW TCT TAW ACW , 



ACA CCC TAT ACC CCT ACC CTC 
ACC CCC TAT ACC CAC ACT CTC I 
I ACW CCW TAT ACC AAW ACW CTW < 



CTA TTA AAC TTT ACC CTC CAA CTT 
CTA CTA AAC TTC ACC CTC CAA (It 
I CTA WTA AAC TTW ACW CTW AAA CTW 



□ AAA TTC CAC AAC CTC ACC CCC AAT AAT ACC AAT ACA CAA ATC TCC CAT TAC TCC ACC ACT ACC CAT CAC CAC CTT CAT CAC AAT 
O AAA TTT CAC AAC CTA ACC CCA AAT AAC ACC AAC ACC CAT ATA TCT CAT TAC TCC TCC ACC ACA CAC CAT CAC CTA CAT CAC AAT »V 
AAW TTW CAC AAC CTW ACC CCW CAT AAW ACC AAW ACW CAW ATW TCW CAT TAC TCC WWC ACW ACW CAW CAW CAC CTN CAT CAC CAT 



11111 


11 11 111 liflWMI 


i ri 


1111 11 1 



O ACA AAT AAA ACT ACC AAA CTC ACC ACC ACA ACT ACT ACT CAC TTC ATA AAC AAC CTC TAT TTT ACT ACT ACT AAT AAT ATT AAT 
□ ACA AAT AAC ACT ACA AAA CTC ACT ACT ACT ACA ACA ACC CAT TTT ATA AAA AAC CTC TAC TTC ACC TCC ACT AAC AAC ATT AAT ft* 
ACW AAT AAW ACT ACW AAW CTW ACW ACW ACW ACW ACW ACW CAW TTW ATA AAW AAC CTW TAW TTW ACW WWW ACT AAW AAW ATT AAT 



i ii iiiiiiii Tummmmmm 



O AAA ATC AAC CAC AAA ATA ACA CTT ACC CTA TTT AAC CTT ACT CAC ACC CTA CTT AAC AAT CTA CCA ACA AAA TTA ATT TCA TCA < 
□ AAA ATT AAT CAT AAT ATT ACA CTA ACC CTA TTC AAC CTA ACA AAC ACC CTA CTA AAC AAT CTA CCA ACC AAA CTA ATT TCT TCC * 
AAA ATW CCW CCW CCW ATW ACA CTW ACC CTA TTW AAC CTW ACW AAC ACC CTA CTW AAC AAT CTW CCA ACW AAW WTA ATT TCW TCW 



EES 



□ ACT AAT AAC CAC CTC T T C 
C CCC CCT CCT CAC CTC TTC 
ACW AAT AAW CAA CTA TTC 



hot 



AAC AAC CCC ACT CTT AAC CTA 
CCC CAA CCC ACC CTT AAC CTA 
AAC AAN CCA ACW ATT AAA CTA 



CAC AAT V4 
CAC AA 
AAA AAW 



*□ ACT CAA CAA AAT AAC AAT ATT CCA 
4 Q ACA CAA CAA AAC AAA AAC ATT ACC 
W CAA CAA AAW AAW AAW ATT ACW 



ATC CCA CAT AAC ATC AAC CTC AAC AAA TCC CAT ATA ATT ATT CAA AAT TAT AAC AAC CA 
ATC CCA CAT AAC ATC AAC CTC AAT AAA TCT CAC ATT ATT ATC CAA AAC TAC AAC AAC CA 
ATC CCA CAT AAC ATC AAC CTW AAW AAA TCW CAW ATW ATT ATW CAA AAW TAW AAC AAC CA 







□ CAT AAA CAA AAC CAA CCA ACA CCT TCC CCA ACC CCA TCA CAT CCT TTT TCT ATC CTC CAA ACT AAT AAT ATA CTT TAA CTT TCT JO* J 

□ CAC AAA CAA AAT CAT CCA ACC CCA TCC CCA ACT CCA TCT CAC CCC TTC ACC ATT CTC CAC ACC AAC AAT ATT CTC TAA CTA TCT WW 
CAW AAW CAA AAW CAW CCA ACW CCW TCC CCW ACW CCW TCW CAW CCW TTW WWW ATW CTW CAW ACW AAW AAT ATW CTW TAA CTW TCT 



11 111 111 1111111 



□ CTC ACC ACT ACC AAC TAT AAC CAA TCC ACT TAC AAC TCT TCA ACC AAC CCA ATC TAT ATC TCT AAC TCT ATA ACC TTA ATT AAT U* 

□ CTA ACT ACT ACA AAA TAC AAC CAA AAC ACT TAC AAC TCT TCC ACT AAC CCA ATT TAT ATT TCT AAC AAC ATA ACT CTA ATA AAC 111 
W ACW ACT ACW AAW TAW AAC CAA WWC ACT TAC CCC TCT TCW ACW AAC CCW ATW TAT ATW TCT AAC WWW ATA ACW WTA ATW AAW 



ii mi i n i i i in mi ii i n itm 



□ ATT ACA ACC AAC ACA CAA ACC ATT ACC CAC TCA CTC AAC TAA ACC AAA ATC ACA CTT AAT AAT CAC CCC CTT TCC ACC ATC CAC 
O ATT ACT ACC AAT ACA CAA ACA ATA ACA CAC TCT CTC AAT TCA ACC AAA ATT ACC CTC AAC AAT CAT CCC CTA ACC ACC ATT CAA JAC 
ATT ACW ACC AAW ACW CAA ACW ATW ACW CAW TCN CTN AAN TAA ACC AAA ATN ACN CTN AAN AAT CAN CCN CTN WWC ACC ATN CAA 



I I 1 



□ CAA TAT TCA AAC ACC TTC TTT CTC CTC CCC CTC CCC CAT AAA CTC TCC TTT TAA AAA ACA AAA ACT ACT AAA ACC AAC TAC CCT iU4 

□ CAA TAC TCT AAA ACC TTC TTT ATA CTA CCA CTA CAT AAC AAA CTA ACC TTT TAA AAA ACA AAT ACC ACC AAA ACT AAC TAT CCA tM 
CAA TAN TCW AAW ACC TTC TTT ATW CTA CCA CTW CAW CCN AAA CTN WWC TTT TAA AAA ACA AAW ACW ACW AAA ACW AAW TAW CCW 



1111 



:: TAT AAT TAT AAC ACC ACT ACT AAT AAC CAA CTA CTC ATT AAA AAT ACC ACT AAA CAT CAA ATT ACT ATT TCC ACC TAC ACT ACT | 
:: TAC AAC TAC AAC ACC ACT ACC TCC AAT CAC CTA CTC ATA AAA AAC ACA ACA AAC CAC CAT ATA ACA ATC TCT ACC TAC ACC ACC I 
TAW AAW TAW AAC ACC ACT ACW WWW AAW CAW CTA CTW ATW AAW AAW ACW ACW AAW CAW CAW ATW ACW ATW TCW ACC TAC ACW ACW 



inn: 



O AAC CTC CCT 
O TCC CTA AAC 
CTC CCN 



CCC CTT ACT ATT TTA CCC 
ACA ATT ACA ATT CTA ACT 
TN TCN ACA ATT ACW ATT WTW ACN 



CAC TCT ATA CTA C« % l«U 
CCN CAC TCT ATA CTA ACN 



Fig. 1. Alignment of the nucleotide sequences of the codon-optimized truncated 0RF2 gene and the original truncated 0RF2 gene by CLC 
sequence viewer 6.5.3 (CLC bio, Aarhus, Denmark). 
Abbreviation: ORF, open reading frame. 
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2. Construction of the recombinant plasmid 

After subcloning, the recombinant plasmids were confirmed by 
PCR, restriction enzyme digestion, and DNA sequencing. PCR 
amplification using universal plasmid primers followed by elec- 
trophoresis on 1.2% agarose gel revealed a PCR product of 
1,943 bp for ORF2.1 and 1,750 bp for ORF2.2 (Fig. 2). 



3. Protein expression and purification 

The optimal conditions for protein expression were induction with 

1 mM IPTG with shaking at 37°C for 4 hr. The highly expressed 
target proteins were purified by Ni 2+ -chelate-affinity chromatogra- 
phy (Qiagen). The concentration and purity of the proteins were 
maximized by Amicon Ultra-4 Centrifugal Filter Unit (EMD Milli- 
pore) with a molecular weight of 30 kDa. The expression and pu- 
rification of the truncated ORF2 protein was confirmed by SDS- 
PAGE and western blotting, which revealed a protein band of ap- 
proximately 60 kDa for ORF2.1 and approximately 55 kDa for 
ORF2.2 (Fig. 3). The abundant target proteins were eluted with 
the elution buffer at pH 4.5. The yield of the purified protein was 
approximately 1 mg/L of the culture medium. Western blotting 
was carried out to confirm the presence of the ORF2.1 and 
ORF2.2 proteins in E. coll BL21 (DE3) (Fig. 4). 

4. ELISA based on the 2 truncated 0RF2 proteins 

The ELISA was optimized by examining different antigen con- 
centrations and serum dilutions. The optimal concentration of 
the coating ORF2.1 protein for detecting HEV IgG antibody was 

2 pg/mL The optimal blocking buffer was 2% casein and 1% 



10 kbp 
7 kbp 
6.2 kbp 
5.2 kbp 
4 kbp 
3 kbp 
2.5 kbp 

2 kbp 



1.5 kbp 



lkbp 



Fig. 2. PCR amplification of 0RF2.1 (amino acids 112-660) and 
0RF2.2 (amino acids 112-608) with T7 promoter and T7 terminator 
primers. Lanes 1 and 7, 1-kb DNA ladder (Vivantis, Selangor Darul 
Ehsan, Malaysia); Lanes 2 and 3, amplified 0RF2.1 gene; Lanes 
4-6, amplified 0RF2.2 gene. 
Abbreviation: ORF, open reading frame. 
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170 kDa 
130 kDa 
95 kDa 




26 kDa 



17 kDa 
10 kDa 



Fig. 3. Proteins expressed using pET30a-ORF2.1 recombinant expression vector and pET30a-ORF2.2 recombinant expression vector in E. 
coll BL21 (DE3) competent cells. The expressed and purified proteins were analyzed by 10% SDS-PAGE and stained with Coomassie Bril- 
liant Blue R250. The ORF2.1 and ORF2.2 proteins bands are visualized at approximately 60 and 55 kDa, respectively. Lanes 1-4, purified 
eluates of ORF2.2 protein from the Ni column; Lane 5, washing step; Lane 6, flow-through; Lane M, pre-stained protein ladder (Fermentas, 
Vilnius, Lithuania); Lane 7-12, purified eluates of ORF2.1 protein from the Ni column; Lane 13, washing step; Lane 14, flow-through. 
Abbreviations: ORF, open reading frame; SDS-PAGE, sodium dodecyl sulfate-polyacrylamide gel electrophoresis. 
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165 kDa 
125 kDa 
93 kDa 

72 kDa 
57 kDa 

42 kDa 
31 kDa 

24 kDa 

18 kDa 
15 kDa 











® 



Fig. 4. Western blot analysis of the expressed and purified ORF2.1 and ORF2.2 protein in E. coli. (A) The ORF2.1 protein band is visual- 
ized at approximately 60 kDa. Lane 1, induction for 2 hr; Lane 2, induction for 4 hr; Lane 3, uninduced control; Lane 4, BL21 control; Lane 
M, pre-stained protein ladder (Cinagen, Tehran, Iran). (B) The ORF2 protein band is visualized at approximately 55 kDa. Lane M, pre- 
stained protein ladder (Cinagen, Tehran, Iran); Lane 1, uninduced control; Lane 2, induction for 4 hr; Lane 3, flow-through; Lane 4, wash; 
Lane 5-7, the first, the second, and the third eluates. 
Abbreviation: ORF, open reading frame. 



BSA in PBS. The optimal serum dilution was 1:21, and the opti- 
mal conjugate dilution was 1:15,000. The optimal conditions for 
the ORF2.2 protein were identical. The cut-off values for 
ORF2.1 and ORF2.2 were 0.35 and 0.4, respectively. Samples 
were considered positive, if the OD was above the cut-off value. 
The 220 serum samples were tested anti-HEV IgG antibodies by 
using the 2 in-house ELISAs and the results were compared 
with DIA.PRO HEV IgG ELISA kit (Fig. 5). Among the 220 serum 
samples analyzed by the 2 in-house ELISAs, 21 were positive 
for anti-HEV IgG antibodies; 23 of the samples tested positive by 
using DIA.PRO HEV IgG ELISA kit (Table 1). The 2 in-house 
ELISAs had 98.1% concordance, 99.5% negative agreement, 
and 87% positive agreement compared with DIA.PRO HEV IgG 
ELISA kit (kappa =0.899 and P=0.625). For both in-house ELI- 
SAs, the same 21 samples tested positive, while the remainder 
of the samples tested negative. Thus, there was 100% concor- 
dance in the detection of anti-HEV IgG between the in-house 
ELISA coated with ORF2.1 protein and that coated with ORF2.2 
protein (kappa = 1.00 and P=1.00). 

There were 4 serum samples with different results between 
the 2 in-house ELISAs and DIA.PRO HEV IgG ELISA kit. For 3 of 



4.20 
4.00 
3.80 
3.60 
3.40 
3.20 
3.00 
2.80 
2.60 
2.40 
2.20 
2.00 
1.80 
1.60 
1.40 
1.20 
1.00 
0.80 
0.60 
0.40 
0.20 
0.00 
-0.20 



Cut-off 



0RF2.1 (112-660) 



0RF2.2 (112-607) 



Commercial kit 



Fig. 5. Comparison of the immunoreactivities of the 2 in-house ELI- 
SAs and DIA.PRO HEV IgG ELISA kit. Data are expressed as OD 
values of the positive and negative serum samples. The cut-off val- 
ue is indicated for each assay by a horizontal line (0.35 for the in- 
house ELISA based on ORF2.1, 0.4 for the in-house ELISA based 
on ORF2.2, and 0.37 for DIA.PRO HEV IgG ELISA kit). 
Abbreviations: ORF, open reading frame; OD, optical density. 
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Table 1. Comparison of the 2 in-house ELISAs with DIA.PRO HEV IgG ELISA kit for the detection of anti-HEV IgG in serum samples 

Results of DIA.PRO HEV IgG ELISA kit 

Positive agreement Negative agreement Concordance 

+ 

Results of the 2 in-house ELISAs + 20 1 87.5% 99.5% 98.2% 

3 196 



Abbreviation: HEV, Hepatitis E virus. 

the 4 samples, the OD values were close to the cut-off value for 
the in-house ELISA based on ORF2.1. For the other in-house 
ELISA, the OD values of these 3 samples were below the cut-off 
value. Therefore, these 3 samples were considered negative in 
both in-house ELISAs. The OD of those 3 samples was consid- 
ered weakly positive by DIA.PRO HEV IgG ELISA kit. One sam- 
ple was determined to be negative by DIA.PRO HEV IgG ELISA 
kit, but was found to be positive by the 2 in-house ELISAs; this 
sample was highly lipemic. 

DISCUSSION 

HEV antibodies are indicative of past infection. For seroepidemi- 
ological studies, recombinant ORF2 protein is needed in order 
to detect HEV antibodies. Many studies have investigated low- 
cost methods for over-expressing recombinant proteins as diag- 
nostic tools [10, 11, 23]. In our study, 2 truncated forms of HEV 
ORF2 protein were produced on a large scale for the develop- 
ment of 2 ELISAs that could detect anti-HEV IgG. The truncated 
forms (especially the 56-kDa form) of ORF2 protein are more 
stable and useful for the detection of antibodies against HEV 
[11, 15, 16]. Therefore, we expressed and purified 2 truncated 
forms of the ORF2 protein in E. coli. 

The advantages of expressing proteins in E. coli are cost effec- 
tiveness, ease of handling, short reproductive cycle, and low pol- 
lution [24]. However, expressing proteins in E. coli can result in 
low-level or failed expression because of some problems includ- 
ing high GC content and rare codon in the gene sequence [24]. 
To overcome poor expression, we optimized our gene sequence 
for expression in E. coli; this provided several advantages, in- 
cluding elimination of polyadenylation sites, splicing sites, killer 
motifs, repeated sequences, RNA secondary structure, and high 
GC content [25, 26]. The expression level can be improved 
through using host-favorite codons and lowering the GC content, 
since rare codons and high GC content can decrease or even 
prevent expression [27]. There are several approaches for ex- 
pressing the HEV structural gene [21, 28]. However, no previous 
study has utilized codon-optimized expression of the ORF2 pro- 
tein. Our results indicate that codon optimization resulted in ef- 



fective expression in E. coli with high protein yield. 

For the positive serum samples, the mean OD values were 
higher when tested by the in-house ELISA coated with ORF2.2 
as compared to the in-house ELISA coated with ORF2.1 and 
DIA.PRO HEV IgG ELISA kit. When tested by the in-house 
ELISA coated with ORF2.1 protein, the mean OD values of the 
negative serum samples were close to the cut-off value for this 
ELISA. This is a limitation of this in-house ELISA as compared 
with the in-house ELISA coated with ORF2.2 protein and DIA. 
PRO HEV IgG ELISA kit. 

Since E. coli was used to express these 2 proteins, the pro- 
teins could have been contaminated with bacterial proteins dur- 
ing purification. Subsequently, this contamination could have 
led to false-positive results for serum samples containing anti- 
bodies against E. coli. To eliminate this possibility, Toxin Eraser 
Endotoxin Removal kit (Genscript Inc.) was used to remove 
bacterial proteins from the expressed proteins. 

An approximately 4 g of bacterial pellet was obtained from 
each liter of culture media, which yielded approximately 1 mg of 
purified protein. One hundred nanograms of the purified protein 
per well was used in each in-house ELISA to detect anti-HEV 
IgG. It is estimated that approximately 10,000 serum samples 
could be screened using the protein obtained from 1 L of bacte- 
rial culture. In conclusion, high yields of the highly purified pro- 
teins were obtained and could be used as a diagnostic antigen 
in ELISA-based detection of anti-HEV IgG in serum. Moreover, 
both in-house ELISAs are highly concordant with DIA.PRO HEV 
IgG ELISA kit. 
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